A novel triply bridged dinuclear four-coordinate Copper(I) Complex with sterically bulky bis(dicyclohexylphosphino)methane ligand * E-mail: wf_fu@yahoo.com.cn Abstract: A novel triply bridged dinuclear copper(I) complex: Cu 2 (µ-paa)(µ-dcpm) 2 (BF 4 ) 2 ·2CH 2 Cl 2 [ paa = pyridine-2-carbaldehyde azine (C 12 H 10 N 4 ) and dcpm = bis(dicyclohexylphosphino)methane(C 25 H 46 P 2 ) ] has been synthesized and structurally characterized. Crystallographic studies of the complex showed that two copper(I) ions were bridged by one paa ligand and two dcpm ligands. The paa ligand adopted the Z configuration at the partially double N-N bond and the two copper ions have distorted tetrahedral coordination geometry.
Introduction
Recently, there has been great interest in binuclear and polynuclear polypyridyl complexes related to their interesting photophysical and photochemical properties, their potential use as catalysts, multi-electron storage systems, photoactive reagents (e.g. anti-tumor drugs), and in designing novel functional materials [1] [2] [3] . Pyridine-2-carbaldehyde azine (paa) has formally a single N-N bond and can adopt nearly planar, Z or E, and twisted conformations depending upon the co-ligands bonded to the metal ions and their preference for different coordination geometries. Thus the dinuclear complexes with paa ligands attracted extensive attention, not only with respect to their structures but also for the influence of the structure on the interaction between the two metal ions or neighboring ligands [4] [5] [6] [7] [8] [9] . However, most of the work about these ligands is mainly on the complexes of the metal ions such as Mo(0), Fe(II), Ni(II), Co(II), Cu(II), Ir(II), Zn(II), Ag(I), Rh(III), and Hg(0). Moreover, only a few crystal structure determinations of complexes containing paa or related ligands have been published [5] . Luminescence spectroscopy of copper(I) complexes continues to attract attention because of the unusually large number of assignments of the emitting excited state and because of the challenges in identifying the nature of the emitting state [10] [11] [12] [13] . We have also done some interesting works in this field [14] [15] [16] . Some novel copper(I) complexes with paa and dcpm ligands have A novel triply bridged dinuclear four-coordinate Copper(I) Complex with sterically bulky bis(dicyclohexylphosphino)methane ligand also been synthesised. To the best of our knowledge, even though the copper(I) complexes with dcpm were extensively investigated [17] [18] [19] , few tetra-coordination copper(I) complexes with dcpm ligands were reported so far due to the steric bulkiness and severe distorting involving some of the carbon atoms of the dcpm ligand. In this paper, the synthesis of a novel tetra-coordination Cu 2 (µ-paa)(µ-dcpm) 2 (BF 4 ) 2 is reported and its crystal structure and optical properties are studied in detail.
Experimental Procedures
Ligand paa and the precursor complex Cu(CH 3 CN) 4 BF 4 were prepared and purified following the literature procedure [5, 20] . The dcpm (Acros, 99%) was obtained commercially. Acetonitrile, methylene dichloride and methanol used for photophysical studies were purified by standard methods. All other chemical and solvents were of A. R. grade and used as received. Elemental analyses (C, H, N) were performed on a PerkinElmer 240 analyzer. Electronic spectra were recorded on a HITACHI U-3010 spectrophotometer, while emission spectra were recorded on a HITACHI F-4500 fluorescence spectrophotometer. All syntheses were carried out under a nitrogen atmosphere. 
Synthesis of [Cu 2 (µ-paa) (µ-dcpm

X-ray Structure Determination
Crystals of the complex suitable for X-ray structure analysis were grown from dichloromethane solution by slow diffusion of diethyl ether over a period of several days. The diffraction data were collected at room temperature with graphite monochromatized Mo Κα radiation (λ = 0.71073 Å) on a Rigaku R-AXIS RAPID IP X-ray diffractometer. An absorption correction was applied by correction of symmetry-equivalent reflections using the ABSCOR program. The structure was solved by direct methods using the SHELXS-97 program and refined by full-matrix least-squares on F2 using the SHELXL-97 software [21] . The hydrogen atoms were added using ideal geometries with a fixed C-H bond distance. The relevant crystallographic data as well as selected bond distances and angles for the complex are listed in Tables 1 and 2 , respectively. (6) Cu (1) Z.-F. Yao, X. Gan, W.-F. Fu
Results and Discussion
Single crystal X-ray analysis revealed that two copper(I) central ions are bridged by one paa ligand and two dcpm ligands (shown in Fig. 1 ). The two copper ions are located at the same site of the paa ligand as a result of Z configuration at the N-N bond. The distance between the copper(I) ions is 3.662(0) Å and thus there is no interaction between the two atoms. The copper(I) ions are tetracoordinated with a distorted tetrahedral coordination geometry ( Table 2 ).
The paa ligand, which is derived from hydrazine and contains an N-N single bond, provides a binucleating coordination mode to form two five-member chelating rings with the Cu + . The Cu-N bond lengths are 2.102(6) to 2.154(6) Å. Two dcpm ligands each provide one P atom to occupy the other two coordination sites, with Cu-P bond lengths of 2.261(2) to 2.286(2) Å. The pyridyl rings of the paa are not on the same plane, with a dihedral angle of 43.61 0 . This is more obvious than that of [Cu 2 (µ-paa)(PPh 3 ) 4 ](BF 4 ) 2 ,(2.0 0 ) [22] and {[Cu 2 (4, 4 ' -azpy)( µ-paa)(C 18 H 15 P)](BF 4 ) 2 } ∞ ,(0.7 0 ) [23] , mainly because of the steric bulkiness of the dcpm ligand. However, the N-N bond length is 1.374(7) Å, which is slightly shorter than that of {[ Cu 2 (4, 4 ' -azpy)( µ-paa)(C 18 H 15 P)](BF 4 ) 2 } ∞ , (1.413(8) Å) [23] , and Cu 2 (µ-paa)(PPh 3 ) 4 ](BF 4 ) 2 , (1.418(7) Å) [22] .
It is worth noting that P-Cu bond distances of 2.261(2) Å in the titled complex appear to be comparable to those found previously [22] [23] . However, the Cu-N bond length of Cu (1) The absorbtion spectra of the complex in CH 2 Cl 2 and CH 3 CN were also investigated (shown in Fig. 2 ). The complex exhibits intense high-energy absorptions at λ max < 340 nm and broad visible bands in a range of A novel triply bridged dinuclear four-coordinate Copper(I) Complex with sterically bulky bis(dicyclohexylphosphino)methane ligand 380-550 nm, ascribed to intraligand (IL π-π*) transitions and metal-to-ligand charge-transfer (MLCT) transitions, respectively. It is interesting that the UV-vis absorption curves are extraordinarily similar in CH 2 Cl 2 and CH 3 CN in the range from 200 -550 nm. The UV-vis absorbance of the complex depends on the solvent polarity. When the solvent polarity increases, all intense high-energy absorbtion peaks of the complex exhibit a blue-shift. The absorbtion peaks between 380 -550 nm are weakened while the absorbtion peaks between 200 -312 nm are enhanced. This phenomenon indicates that the solvent polarity is beneficial to the intraligand (IL π-π*) transitions and not to the metal-to-ligand charge-transfer (MLCT) transitions.
We also investigated the fluorescence spectra of the complex. Although the complex has a rigid structure, in which the copper ions are held firmly by tribridged ligands, it displays weak fluorescence. This phenomenon seems contrary to previous studies. Further work is under investigation.
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